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New Results for Winter 2012
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D@ Physics Results for Winter 2012
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2= Fermilab

446 members in 82 institutions from 18 countries
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D@ Physics Results for Winter 2012

Quantum
chromo-

dynamics B
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Photon+b-jet Cross Section

preliminary

- D@, L =8.7fb data, |y'| < 1.0

B 1 data, 1.5<|y’| < 2.5
NLO (Stavreva, Owens)
k; fact. (Lipatov, Zotov)

s s SHERPA, v1.3.1
PYTHIA, v6.420

y*I<1.5, p'>15 GeV

LI Illllll

\~_ ME(y+b+2partons)
..-.j.:.:':\.\\ + PS
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LI lllllll
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e direct photons come unaltered < L ps

from hard subprocess: 107 x0.3) NLO
— direct probe of hard scattering | | | | |

e sensitive to b quark and gluon 50 100 150 200 250 300

densities | pl (GeV)
* background to NP and Higgs searches
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Photon+b-jet Cross Section

preliminary
DO, L=8.7 b’

ly'l<1.0 ME(y+b+2partons)
y*|<15,p;>15GeV | pg

Ratio to NLO
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D@ Physics Results for Winter 2012

Electroweak
Physics

g

—
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W mass measurement

CDF Run|| 80.436 + 0.081

DO Run| 80.478 + 0.083

CDF Run I 80.387 + 0.019 sor2

[JLHC excluded
| —LEP2 and Tevatron
Tevatron (prel.) 80.387 + 0.017 { - LEP1 and SLD

|
Run i 80.376 + 0.023

LEP2 average F i 80.376 + 0.033

World average (prel.) e 80.385 + 0.015

|
80 80.2 80.4 80.6
m,, (GeV)

Ashutosh Kotwal, February 23rd

Jan Stark, March 1lst
arXiv:1203.0293
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Tevatron Cross Sections

Tevatron Run Il pp at s = 1.96 TeV
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Wy Cross Section and WWy Couplings

analyse non-abelian gauge structure

. C - Phys. Rev. Lett. 107,
signal - D@, 4.2 200 | 241803 (2011)

ol e Cross section
80100120130°&v"| in agreement

« data - background with SM
= SM
. AC (Ak, =-0.6,1, = -0.13)

Events/bin

50r

o_l
0 20 40 60 80 100 120 14o 160 180
background E! (GeV)

w

background rejection:
tight cut on transverse mass Mt(u,y,MET)
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Wy Cross Section and WWy Couplings

analyse non-abelian gauge structure

. C - Phys. Rev. Lett. 107,
signal - D@, 4.2 200 | 241803 (2011)

ol e Cross section
801001201&1?2(?2‘1,)80 in agreement

« data - background with SM
= SM
. AC (Ak, = -0.6, A, = -0.13)

Events/bin

llIIIIIIIIIIIIIIIIIIIIIIIII

| 20 40 60 80 100 120 140 160 180
Er (GeV)

D@, 4.2 fb™

o

background

strongest 0.15

W limits on 0.1
anomalous 0.05

couplings < o

from Tevatron  -0.05

-0.1

-0.15

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

TTT

background rejection:
tight cut on transverse mass Mt(u,y,MET)
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Zy Cross Section and ZZy, Zyy Couplings

Phys. Rev. D 85,
052001 (2012)

DJ, 6.2 fb™ o Ily Data
° — MCFM
. Scale uncert.

J _ =% PDF uncert.
e M,, > 0 GeV/c?

Cross section
in agreement
with SM
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Zy Cross Section and ZZy, Zyy Couplings

analyse non-abellan gauge structure

signal 5 D, ssz‘ e Il Data
3 — MCFM
Scale uncert.

¥ PDF uncert.

[fb/ (GeV/c)]

do/dpi

—r — —

Q Q )
IIIIIIINI TTTTT

----- hgs—oos h,=0

3L )
= M, >110 GeV/c
A Lol

—h
Q
e

10

no hint for
anomalous
couplings

background rejection:
tight cut on invariant mass M(£,4,y)
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-0.0025
-0.0045
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Phys. Rev. D 85,
052001 (2012)

Cross section
in agreement
with SM

-0.15 -0.1 -0.05 0 0.05 01 0.15
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Zy Cross Section and ZZy, Zyy Couplings

analyse non-abellan gauge structure

signal - DO, 62fb1 e Iy Data

— MCFM

¥ PDF uncert.

[fb/ (GeV/c)]

do/dpi

—r — —

Q Q )
IIIIIIINI TTTTT

Scale uncert.

----- hgs—oos h,=0

3L )
= M, >110 GeV/c
A Lol

—h
Q
e

10

no hint for
anomalous
couplings

background rejection:
tight cut on invariant mass M(£,4,y)
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-0.002F
-0.004
-0.006f

-0.008"

Phys. Rev. D 85,
052001 (2012)

Cross section
in agreement
with SM

Iy 7.2 " ]
VV’Y36fb1 ]
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WW Cross Section

antiproton

arXiv:1112.0536 [hep-ex]
F -1 Data - Bkgd = - Dt Bkgd
go0; DB 4.3 10, 0 b-tag = Pte; Phed, D@4 ag - DitaBle

= g ’ — W\%’ Uncert.

500: | : CWZ
400F
300E
200E
100E
OF -
-100% F P(xz) 0.767 g
300 250 300 50 100 200 250 300 i 50 100 150 200 250 300

M;; (GeV) M; (GeV) M; (GeV)

F -1 Data - Bkgd
D@ 4.31b", 2b-tag - ppia - Bred

IWZ

Events / (20 GeV)

7~~~
>
5}
O
(en)
—
g
~~
3]
(=)
15}
>
/M

varen 7, e(WW) = 15.9 37 pb

Ken Herner,

becember 9 — good agreement with the SM

VL1
MANCHESIER — New Results for Winter 2012 - Christian Schwanenberger - Fermilab, W&C Seminar 18 l |§,* )



http://arxiv.org/abs/1112.0536
http://arxiv.org/abs/1112.0536

Z7— 0+ 0 vv Cross Section

Transverse plane
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Z7— 0+ 0 vv Cross Section

(h)D0 8.6 fb" 4 Data ) -
[ ]zzsig. [[]Zbgd.

B Ww bgd. [ ]Other bgd.
_¢

2 1 0 1 2
Neural network output

backgrounds
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WZ— 2 t0 - £ *v Cross Section

background _ (c)D08.6fb!  —+Data
WZ sig.

[ Z bgd.

[ Other bgd. |

o0 20 40 60 80 100 120 140 160 180 200

backgrounds
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ZZ, WZ Cross Sections

measure ratio of ZZ/WZ over Z+jets cross section:

arXiv:1201.5652 [hep-ex]

llllllIIlllllllllllllllIIIllllllllIlllllllllllllll

\'s=1.96TeV

MCFM MSTW2008 - 3.21+0.19

I‘lIIIIlIIIIll T 11 T T 1T 7T 1T 1 1
\s=1.96TeV ! | !

MCFM MSTW2008 & 1.30+£0.10
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il and vy I e

1
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v 5.0*'8
CDF, 6.0 1b"’ ~18

+0.44
il and livy 1.64 . DO, 4.1 fb™

Do, 2.7 fb" fiv
lvv 2.01+0.97

3.90 +1.06
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m

Do, 8.6 fb™
eevv

uuvy

lvv

—

_._

+0.52
-0.38

1.30

0.98 +0.53

-0.54
2.52 +0.79

-0.79
+0.46
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-0.47

eeev

eeuv

uu ev
puuv
v

—e

+1.56
5.40_1 -
3.0 4+1 1

-1.13

5 o1+1 32

-1.34

+1.26
4.727, %

+0.63

4.507)>

0 2 4 0 2 4 6
(PP — ZZ) (pb) (PP — W2) (pb)

— good agreement with the SM
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ZZ, WZ Cross Sections

measure ratio of ZZ/WZ over Z+jets cross section:

CDF, 1.9 fb’
lifand llvv
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— good agreement with the SM
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Tevatron Cross Sections

Tevatron Run Il pp at \s = 1.96 TeV

March 201

- DO Run II
- CDF Run |
— Theory

10°

"y
o

A
=
=Y
N’
=
=)
b5 2
$ 10
7}
7]
7]
=)
R
&)

W Z wy zZy WW tt t ZZH->wWw
m,, = 165 GeV

Prr o1t
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D@ Physics Results for Winter 2012

Physics

: vV
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New Narrow Mass State Decaying into Y(1S)+Yy

Y discovery:
E288 collaboration

L Io 1
Meass GeV
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New Narrow Mass State Decaying into Y(1S)+Yy

Y(1S)—ptpT

- D@, 1.3 b * Data
- preliminary

(3]
o

Events / 50 MeV/c?
w 5 b
lml TT lo u'

W
o
TTTTTTTT

)] S AT R T
8 85 9 95 10 105 11 115 12
m,, [GeV/c?]
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New Narrow Mass State Decaying into Y(1S)+Yy

Y(1S)—=putu- y—ete-
x10° DB, 1.3 fb” preliminary
- DO, 1.3 fb” = T i s
preliminary e

[$)]
o

w s b
o o O

E\éents / 50 MeV/c?
o

[ Oy
(=2

.

Lodud I,--p"]‘.e; wliga L.I:T.l...‘.-'."i"f"'ru.‘.“nL..:'L'uu. (NI IR 5 » bt '11"';'; | 0};\‘?{‘\-&1 1 I A‘l‘l el
85 9 95 10 105 11 115 12 2 3 4 5
m,, [GeV/c?] x [cm]

&
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New Narrow Mass State Decaying into Y(1S)+Y

Y(1S)—=putu- y—ete-
x10° DB, 1.3 fb” preliminary
- DO, 1.3b" * Data e
- preliminary
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o

5
[3))

x

Y
o

— w
o (5]
TET T T T[T T T T[T T I T[T T T T TTTT [T

E\&ents / 50 MeV/c?
o

N
o
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- DO, 1.3 b

- Xb(2P)
-Xb(1P)

10f
5:

S
(3]

N
o

Ok T LR T
8 85 9 95 10 105 11 115 12
m,, [GeV/c?]

Events / 50 MeV/c?
W W
e O

N
(&)

ATLAS:
Xb(3P):

10.530 & 0.005(stat.) = 0.009(syst.) GeV

N
o

—
[$))
T T T T T T T T T [ TTTT

background model:

combine Y(1S) with
photons from
different events

—
o
T TTT

(&)
TTTTTT

I} 4 J 4 L L L
11 11.5
M, - My, + my g [GeV/c?]

MANCHESIER — New Results for Winter 2012 - Christian Schwanenberger - Fermilab, W&C Seminar 29



New Narrow Mass State Decaying into Y(1S)+Y

Y(1S)—=putu- y—ete-

preliminary

x10°

X o | [XoG3P) =Y(1S)+Y| >

Xb(3P): (?)
10.551 + 0.014(stat.) £ 0.017(syst.) GeV
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- Xb(2 P)\
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~
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N
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T T T T T TT

ATLAS:
Xb(3P):

10.530 & 0.005(stat.) = 0.009(syst.) GeV

= confirmation: 60

—
(8]
TTTT

many more interesting
measurements to do...

—
o
T TTT

(&)
TTTTTT

| 1 l 1 L L L
. 11 11.5
- M, + my g [GeV/c?]
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D@ Physics Results for Winter 2012

Top
Quark
Physics

——
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Top Quark

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)

1995, CDF and D@
experiments, Fermilab
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Top Quark

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)

1000s of events

DG, L=5.3 fb"’

Events / 10 GeV

50 100 150 200 250 300 350 400 450 500
v
M (GeV)

l .
LR
I s,
yL L
’ / 6(

. SRV .
/ |
1Ge! !

1995, CDF and D@
experiments, Fermilab
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Top Quark

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)

1000s of events

Top Quark Mass Uncertainty

I+jets DO measurement
Combined D@ measurement
Tevatron combination
Projected future uncertainty range

Tevatron

»

w

DG, L=5.3 fb"’

>
[]
o
o
-
~
[2]
e
o
>
w

age
- (C

1995, CDF and D@
experiments, Fermilab

N

.
]

Run 1

Total Top Quark Mass Uncertainty (GeV/c?)

bt a aaaaal hd b aa sl

1 10
Integrated Luminosity (fb™)

a‘o

50 100 150 200 250 300 350 400 450 500

M:"' (Gev)

MANCHESIER — New Results for Winter 2012 - Christian Schwanenberger - Fermilab, W&C Seminar 34




Top Quark

PRL 74, 2632 (1995)

|discovery| PRL 74, 2626 (1995) ‘precision

17 events S ‘ today |

Top Quark Mass Uncertainty
4 Iejets DO measurement
A Combined DO measurement
A Tevatron combination
Projected future uncertainty range

Tevatron

1000s of events

DG, L=5.3 fb"’

Events / 10 GeV

Total Top Quark Mass Uncertainty (GeV/c?)

-
“

50 100 150 200 250 300 350 400 450 500

W con ‘ searches ‘

v hints &

Reconstructed Mass  (GeV/c?)
1995, CDF and D@ excesses?

experiments, Fermilab

——
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Single Top Quark Production

direct measurement of IthI
Phys. Rev. D 84, 112001 (2011)

(Vzd \Ak; VZb\
»QNOW - V%d b@s V@b
\ \/td \/tS vtb )

Victor Bazterra, 10 February

o(pp — th+ X) = 0.6819:38 pb

° jets o(pp — tgb+ X) =2.867053 pb

 ° lepton
— — +0.73
V e missing ET U(pp — tb -+ th + X) = 3.43_0_74 pb

b +0.10

> b-jets Vin| =1.02 1
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Single Top Quark Production

search for anomalous Wtb couplings

Phys. Lett. B 708, 21 (2012)

Victor Bazterra, 10 February

— 0.5 ® D541

- (a) * SM
=" 0.4} [168% C.L.
T i I 90% C.L.

0_3: I 95% C.L.

° jets 0.2
¢ ° lepton

0.1
vV @ missing E;

b

* b-jets
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Improved Top Decay Width

_cl I ion: ial d idth:

o(t-channel) = 2.14 = 0.18 pb Nt—=Wb) = 1.26 GeV
NLO, m = 170 GeV NLO, m = 170 GeV

W

| Vio

L't — Wb)/ d

o= -
‘"B (t - Wb) =—— tt production

assume that coupling in top production and decay is the same
arXiv:1201.4156 [hep-ex]

Ty, = 2.007047 GeV| |7 = (3.297033) x 107%° s

Victor Bazterra, 10 February

=% most precise determination

—
MANCHESIER — New Results for Winter 2012 - Christian Schwanenberger - Fermilab, W&C Seminar 38 | |§i,3)l‘,E )




Top Quark Mass

* flavor dependence of jet energy scale

v systematics smaller by ~O(1 GeV)
my = 174.0 £ 2.4(stat) &+ 1.4(syst) GeV

Dg January 2012

Run | dileptons o011 ' H H 168.4 123 +36 GeV
+12.8 GeV

Run| leptontjets 0.1 1" H—e—— 180.1 £36 39 GeV
+5.3 GeV

Run Il dileptons 5.4 H-®H 174.0 :1.8 t2.4 GeV

(matrix elements) +3.1GeV

Run Il dileptons 53" H—o—i 1740 124 1.4 GeV

(neutrino weighting, not yet in the combinations) +2.8 GeV

Run Il leptontjets 361" HeH 1749 to08 12 GeV
+1.5 GeV

D@ combination (may 2011) HeH 175.08 +0.77 £1.25 GeV
+1.47 GeV

Tevatron combination (July 2011) HeH 173.18 t0.56 £0.75 GeV
+0.94 GeV

Run Il o(l+jets) 53" —e— 167.5 +54-49 GeV

(indirect, not in the combinations)

[ R
160 170 180

Top Quark Mass [GeV]

* calibration of jet energy scale = improve systematic uncertainties
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W Boson Helicity Fractions

Phys. Rev. D83, 032009 (2011) —zg V-A b spin=1/2
ty \1—-y" |V bw,
2\/— Y ( )’) i
t spin =1/2

b w w ‘
RTE I TP A1
JU‘ Jﬂ Jﬂ V-A coupling

b b
W Left-Handed W, Longitudinal w, Right-Handed
fraction Fi fraction [y fraction Fp

W+ spin=1

pg ~ Left-handed
Longitudinal

nght -handed

robability/0.1
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W Boson Helicity Fractions

V-A spin=1/2

Phys. Rev. D83, 032009 (2011) —ig - 4 5
—=ty \l1—-y |V, bW
V2 Y ( )’) ) H
t spin =1/2

b |14 W
PN ﬁ PN ‘ W+ spin=1
4 ,

ﬂ = JU Suppressed by the
S

N N
w b b
W Left-Handed W, Longitudinal w, Right-Handed

fraction Fip fraction [y fraction Fp

5 120
o 100
80
60
40
20

DG Left-handed

robability/0.1

_.l I_.IEIIIllllllllllllllllll
H
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W Boson Helicity Fractions

arXiv:1202.5272 [hep-ex] E ‘

CDF + D@ combination
L=27-541fb"

® Combined result
% SM value

O CDF l+jets

0 CDF dilepton

A DD

)

fo =0.722 £ 0.081
5% and a5 [ 0.062 (stat.) + 0.052 (syst.)],
C.L. contours fr =-—0.033 £ 0.046
[£ 0.034 (stat.) 4= 0.031 (syst.)]

11 I | I | L1 1 1 11 1 1 I L1 1 1 I | S I
-0.2 -0.1 0.1 0.2 0.3

f,
= first published Tevatron combination in top quark physics

o
w

= most precise measurement to date

—
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Spin correlation strength

_ NTT+Nll_ NTL_NLT
Ny+N, + N +N

-

7

t
Tevatron LHC
e dominated by qq annihilation e dominated by gg fusion

* tt pairs close to the threshold e tt pairs far off the threshold

* beam axis as spin quantisation axis * helicity basis as spin quantisation axis
NLO QCD: C = 0.78 NLO QCD: C = 0.32

Bernreuther, Brandenburg, Si, Uwer, Nucl. Phys. B690, 81 (2004)

* optimised “off-diagonal” basis * maximal basis

complementary between Tevatron and LHC
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New physics impact on spin correlations

* important test of SM and sensitive search for physics beyond
e analyse the whole chain of top pair production and top decay

("4
®
b / \V

Phys. Lett. B 702, 16 (2011)

Higgs, KK gravitons, Z’, stop pairs, ...
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Matrix Element Method

1
wﬁ’) = one (120) / feor(€1) fepr(ez)derdes
(27!')4 |M(ya "ntaI{)l2
H=correlated :
or

H=uncorrelated
spins

d®
€1€98 W(m’ y) 6

»-
Proton

o O —

Antiproton
-

transfer functions
PDF's LO-Matrix element (probability to measure x

when y was produced)
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Measurement of Spin Correlation

MEs: per event € spin correlation: ensemble of events

Pien(H = ¢)
Pien(H = u) 4+ Pyen (H = ¢)

discriminant |R =

o
-
(&)

- -+ No spin corr. :
. —— SM spin corr. : MC@NLO
_ 1 on parton level

&
D
N
S
&
S
o
-

O
—
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Measurement of Spin Correlation

MEs: per event €< spin correlation: ensemble of events

di - . t R = Psgn(H:C)
Iscriminan = Pign(H = u) + Psgn (H = ¢)

i - -1
| Data Dﬂ, L=5.4fb

| — tt SM spin corr. dilepton

tt no spin corr. Phys. Rev. Lett. 107, 032001 (2011)

1 I measured tt
1 Il Background

0.3 045 0.5

—
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Measurement of Spin Correlation

MEs: per event € spin correlation: ensemble of events

Pegn(H = ¢)
. R g
discriminant Pygn(H = 1) 4 Psgn(H = ¢)

i - -1
: Data DO, L=5.3 fb

{ — tt SM spin corr. |+jets
tt no spin corr.

1 B measured tt
1

i Other
1 mm Wijets Phys. Rev. Lett. 108, 032004 (2012)

| === Multijet

VLt
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Measurement of Spin Correlation

MEs: per event €< spin correlation: ensemble of events

sgn( = ¢)
Pien (H = u) 4+ Pygn(H = ¢)

discriminant R =

1 e Data D@, L=5.3 fb" combination:

{ — tt SM spin corr. dilepton & l+jets
- tt no spin corr.

1 B measured tt Ph
ys. Rev. Lett. 107, 032001 (2011)
1 I Other ’

1 mm Wi+jets Phys. Rev. Lett. 108, 032004 (2012)
] Muitijet

correlation strength:

‘C =0.66 & 0.23 (stat+syst) ‘
NLO QCD: C = 0.777+%.027

0.042
0.4 0.45 0.5 0.55 0.6

R
— first evidence for spin correlation with 3.1o
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Search for a Narrow tt Resonance

—
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Search for a Narrow tt Resonance

* some models predict tt boundstate:
topcolor assisted technicolor predicts
generation coupling

* leptophobic 7’

background

q
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Search for a Narrow tt Resonance

* some models predict tt boundstate:  search for bumps in:
topcolor assisted technicolor predicts
generation coupling

* leptophobic 7’

—=—data
DD, 5.3fb! [IM=950 Gev

B t
[ W/Z+jets
[ multijets

GeV
2,

—
o
I T T TTTTIn

Events/25

signal

b)

Z' 500 400 600 800 1000 1200

m_ [GeV]

D@, 5.3 fb™
background

q

" - — TopcolorZ %
- — 95% C.L. observed
- == 95% C.L. expe@ed

2l 1y A N T N
10200600 800 1000 1200
resonance mass [GeV]

, <
arXiv:1111.1271 [hep-ex] Mz = 835 GeV
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Search for Lorentz Invariance Violation

> General Lorentz-violating terms added to SM Lagrangian
> Effective field theory treatment for LV
> Not constrained to be the same for all particle species

Standarg Model Producﬁowrrections Decay C&r@tions
2 = - v = s vV 1 — v\
IM | =PFF+(cR+cL)w(6Pp+6PV)“ FF+(cL)uv(P(6F)" F+PF(8F)")

> cpand ¢, are symmetric, traceless matrices
containing coefficients which parametrize
the strength of Lorentz violation in the
top quark sector
Set limits on elements of ¢z and ¢y,
as well as linear combinations
c=c+candd = c —c.

Top sector only accessible to high-energy
particle colliders

> Tight limits already set on LV other
particle sectors
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Search for Lorentz Invariance Violation

> GOAL: Estimate components of ¢z and ¢, matrices

SM extension

—R( Wgige )(Sun—>ApparatuS)CL( R) /

cﬁ%)paratus
> D-Zero events projected onto different components of SME

matrices cz and ¢;

> Varies with sidereal frequency as detector rotates with Earth
> Unique signature!
> Time-dependent event rate.
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Search for Lorentz Invariance Violation

. L |
N; = A"totc 1+ fsfsnme(oi)]
int
» L; is the integrated luminosity over appropriate bin of sidereal phase ¢;
> f, is the fraction of signal (ff) events

o

1 (Nz'/Ns+B - 1)

D@, 5.3 fb” [ D@, 5.3 fb”
preliminary A0 preliminary

| \ \ 1 ! | ! L | | | ) 1
0.|75 1 0.25 0.|5 0.75 1
Sidereal Phase / 2n Sidereal Phase / 2w

(a) e4>3-jets tt candidates (b) p+>3-jets tt candidates
= no indication of time dependence of tt cross section
= first constraints on LIV in free quark sector (cu)xx, (CL)xY, w5 (CR)XX; we

VLt
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D@ Physics Results for Winter 2012

—
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Beyond the Standard Model

Name |Spin Superpartner Spin
Su pe rs_vm m et r_V ‘[Electron ; 1/2 % Selectron } 0
| Muon |1/2 |
[ Tau { 1/2 l Stau ’ 0
[Neutrino | 1/2 ] Sneutrino ’ 0
’ Quark ‘ 1/2 ‘ Squark ’ 0

Smuon ’ 0

[ Name |Spin |Superpartner ISpin
|Graviton| 2 l Gravitino |3/2

. | Photon I 1 l Photino l 1/2
€ Supersymmetric | . (172
" shadow " particl = l | 1 | C—
|

Higgsino I 1/2 _

Hidden Valley

1
1
1
0

Extra dimensions

—~

.
-~
<A

<7
7~

e
WA

'

<>

VLt
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Beyond the Standard Model

Supersymmetry NN ] T
I Muon |1/2| Smuon | 0
| Tau |12 [0 Stau ’[

|

\Neutrino | 1/2 | Sneutrino

0
0
0

| Quark | 1/2 | Squark

[ Name |Spin lSuperparmer lSpin
lGraviton l 2 I Gravitino l 3/2
[Photon I 1 i I 1/2

| 1/2

1

1 " | 1/2 -
1 i [ 1/2 | < —
0 Higgsino ] 1/2 —

Hidden Valley

%? / \

Extra dimensions

-
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Search for Stop Pair Production

arXiv:1202.1978 [hep-ex]
- () Mt
"DJ,L=73fb" _ Ziy*+jets
W-jets
“Inst. Bkg.
I Diboson

* Data

—Signal A

—
o
w

Events/0.125

2

mi= 180 GeV
my = 60 GeV

o DTy bt ot el et i Seee: I
0 0.10.20.30.4050.60.70809 1

i' 1 Z_l N bE ,U'TET BDT output

Do, L=7.3 fo
---exp. hi.QQSi.no - -
— obs. higgsino hi ggsino

-
N
o

q

-
=y
o

Sneutrino Mass (GeV)
© o
O o

[}

~

%\ Lepn

\% excluded

A
- LEP | excluded

SUSY search in 3rd generation NI ittt

80 100 120 140 160 180 200
Scalar Top Quark Mass (GeV)
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Search for Stop Pair Production

51{—1—) b?),u,TET

q

MANCHESTER = New Results for Winter 2012

arXiv:1202.1978 [hep-ex]

Y
<

- (c)

Events/0.125

2

DO, L=73fb" Z/y*+jets

M it

W-jets
“Inst. Bkg.
I Diboson
* Data
—Signal A

mi= 180 GeV

my = 60 GeV

-
N
o

E....I I i ER RS R oo L
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

BDT output

Sneutrino Mass (GeV)
© o
o o

R\

% excluded mi: < 200 GeV

.

first Tevatron limits

LEP-II

lllll llllllllllllllll

DZ,L=7.3fb"
---exp. higgsino
— obs. higgsino

higgsino
my < 81 GeV

LEP 1 excluded

- Christian Schwanenberger -

80 100 120 140 160 180 200
Scalar Top Quark Mass (GeV)

Fermilab, W&C Seminar




Search for Gravitinos (GMSB SUSY)

first search for
Zy+missing Et

quark-antiquark pair

quark
(in proton)

antiquark
(in antiproton)

quark-antiquark pair
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Search for Gravitinos (GMSB SUSY)

cam e eerD first search for

praliminary Zy+missing Et
e B Ww+wWz+zZ

~ = Signal A=85 TeV quark
(in proton)

quark-antiquark pair

lllllll LB

- ——

|
[
(=]

antiquark
(in antiproton)

50 60 quark-antiquark pair
r [GeV]

Lightest neutralino mass, M(x:’) [GeV]
(b) DJ, 6.2 b -o— 1y Data 120 130 140 150 160

preliminary [ 1Zy Do, 62167 | 'blselkd' 95% C.L.

Z+jet preliminary Expecled 95% C.L.

- WW+WZ+22Z - Expeczed +1S.D. m)~(0 S 1 5 1 GEV
— - Signal A=85 TeV ' 1

[ | Expected +2 S.D.
-:== Theor§
| |

AL NN r'n'rrn] Iﬂﬂ

727

7777
52%2%%/, G

PSRN N TR T T S N S S
20 00 80 85 90 95
Er [GeV] Breaking scale, A [TeV]

=V

b

95% C.L. limit on signal o, [fb]

1
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Beyond the Standard Model

I Name ‘Spin lSuperpartner lSpin

Su persvm metry [Eiectron [ 12 R B
r , Muon | 1/2 I Smuon ‘ 0
Partlcles ‘ o

l Tau | 1/2 [ Stau
[Neutrind" 1/2“ l Sneutrino ’ 0
| Quark |1/2 | Squark | O

[ Name |Spin ISuperpartner lSpin

IGraVIton’ 2 I Gravitino ]3/2
IPhoton [ i

| Photino I 1/2

1 | Gluino I 1/2

Al | 1/2

| z0 1 [ Zino [ 1/2
0 | Higgsino I 1/2

- Supersymmetnc
"shadow " partl |

“i‘

| Higgs

Extra dimensions
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Charged Massive Long-Lived Particles

Tracking Electromagnetic Hadron — Muon e could resolve problems in cosmology

chamber calorimeter calorimeter  chamber
(observed lithium production which is
difficult to to explain in the standard model
of big bang nucleosynthesis)

* in SUSY models with AMSB, the NLSP
can be a CMLLP, e.g. chargino

* look like slow, massive long-lived
muons: measure speed and ionisation
Innermost Layer... energy loss

arXiv:1110.3302 [hep-ex]
-1 o
_ Dos5.2ib D 5.2 fb” ®  Observed Limit

* Data Expected Limit
[J Background = '
— 7,100 GeV . = | Expected+2c

1 NLO Prediction
o veee X 300 GeV : NLO Uncertainty

.[3...

‘_Illlllll T lIlIIIIl T IIIIllll TTT

V. X

2 3357 45 5 °T00 150 200 250 300
dE/dx / <dE/dx>(u) Gaugino-Like Chargino Mass [GeV]

-
.

——
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Supersymmetry

Particles

ﬂ \
‘\‘r}%\ W X

‘- gll[“(“l“‘\ mmetric

Quark

Name
Electron
Muon
Tau

Neutrino

Name
Graviton
Photon

Gluon

1647 Selectron 0
1/2 Smuon

1/2 Stau

1/2 Sneutrino

1/2 Squark

Spin |Superpartner Spin

Gravitino 3/2
Photino /2

Gluino /2

Beyond the Standard Model

Spin Superpartner |Spin

"shadow " particles e 8
Wino "’

Zino

Higgsino

Extra dimensions

Hidden Valley

Fermilab, W&C Seminar 65
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Minimal Universal Extra Dimensions

arXiv:1112.4092 [hep-ex] |1

DG Runll,L=7.3fb"
—— Observed Limit

Expected Limit
[ +1 SD Expected
[ ] £2 SD Expected
—— Theoretical

e pair production of Kaluza-Klein quarks 0.3

* search for 2 muons with the same charge & 0.25

m 0.2

—+- Data 1 -1 1
Multiet [ =260 GeV" D@, 7.3 b X

[JZ +jets , © 0.15
W + jets (4775

Etl%iboson » ‘ é-’_a‘ 0.1

I 1 1 1 I 1 1 L I 1 1 L YI 1 1 I 1 1 1 I 1
200 220 240 260 280 300
-1
R-1< 260 GeV R [GeV]
0.5 — first direct lower limit on compactification scale
BDT output in this channel

|IIIIIIIII|IlIIIIlIIIIIIIIIIIIlI

P NN
D ANNNN

—
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D@ Physics Results for Winter 2012

—
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SM Higgs Search €&p

CDF Run Il Preliminary H->WW L=9.7 fb"
102:‘!""l""l""l""]""I""I""

I +1c Expected

CDF Run Il Preliminary H—bb L=9.5 fb™!
1 I

I +1c Expected

+2c Expected | +2c Expected

95% CL Limit/'SM
>
95% CL Limit/SM
—
o

Feb 28, 2012 February 28, 2012

| |

90 100 110 120 130 140 150 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?) m,, (GeV/c?)

-

DJ Preliminary, L <9.7 fb’!
SM H—bb Combination

— Observed

D@ Preliminary, L <9.7 fb™ = Observed

=== Expected
L SM H-WW Combination

'y
o

[ Expected +1 s.d.

=== Expected |:| Expected +2 s.d.

- Expected £1 s.d.
|:| Expected £2 s.d.

95% CL Limit onc / o,
o
L lIII
95% CL Limit onc / o,

T TTTT

IIIIlIIIIIIllIIIIIIIlIlIlIIlIIIIIIlIIllIII

lllllllllllllIlllllllllllllllIllIlIllllllllllllll

100 105 110 115 120 125 130 135 140 145 150 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass (GeV/c?) Feb 24 2012 Higgs Boson Mass (GeV/c?)
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SM Higgs Search

Tevatron Run Il Preliminary, L < 10 fb™
! 1 | L

Observed

-
o

95% CL Limit/SM

Te;vatro:n i LEP F)Q«E:lysion

February 27 2012

110 120 130 140 150 160 170 180 190 200
A mH(GeV/c)

2.70 (local)
2.20 (global)

[ V1
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Satish Desai,
Michelle Stancari,
March 7

N
o

Tevatron Runll Preliminary EALLR, +1s.d.
. ) JLLR, +2s.d.
SM Higgs, Lint <10.01b ---LLR,
e LI‘Rs-»fb
- LLR .

w
o

N
o

Log-Likelihood Ratio
o

-10

100 110 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass (GeV/c?)
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Summary

® many exciting new results
for the winter conferences!

e many analyses are competitive
with the LHC

e some analyses are complementary:
evidence for tt spin correlation

e W mass uncertainty: 0.019%
we can double the dataset

= SM is self-consistent

e Tevatron is unique due to
sensitivity to H—bb decay
increase sensitivity further

= excess in the range
115 < muy < 135 GeV

Thanks to all D@ colleagues who have contributed!
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Tevatron Run Il Preliminary H—bb L <9.7 fb!

SM Higgs Search

LA L S e L B B S

95% CL Limit/'SM
-t
(=)

T
I +1c Expected

+2c Expected

| I A —

February 28, 2012 i

130

—y
o

2.70 (local)
2.20 (global)

95% CL Limit/SM

MANCHESTER = New Results for Winter 2012

140 150
m,, (GeV/c?)

95% CL Limit/SM

Tevatron Run Il Preliminary H-WW L <9.7 fb!

-
o

T T T =TT T T~ T=T=T=T=T=T"T~] T T L e
I +1c Expected

+2c Expected

February 28, 2012

I ) ! | | i
120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

P Exclusion |

Tevatr

Satish Desai,

Michelle Stancari,
March 7

ruary 12

190 200
m,, (GeV/c?)

- Christian Schwanenberger - Fermilab, W&C Seminar



Matrix Element Method: spin correlation

G. Mahlon and S. J. Parke,
Phys. Rev. D 53, 4886 (1995)

H=uncorre|ated Phys. Lett. B 411, 173(1997)

///2—9—313‘72—

/ B: velocity of top in tt rest frame

sqt: Sine between initial quark and top
kinematics of top

and anti-top decay

VLt
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Matrix Element Method: spin correlation

B: velocity of top in tt rest frame G. Mahlon and S. J. Parke,
. .l Phys. Rev. D 53, 4886 (1995)
sqt: Sine between initial quark and top Phys. Lett. B 411, 173(1997)

Cqt: cosine between initial quark and top

gt

3 ||? = g“’FF (2 — B2s2,) — A]

/ H=correlated

kinematics of top
and anti-top decay

(1 — cguceq) — Bleg + cg) + Begr(cgy + ceg) + 56°55,(1 — cgy)

A= Y2(1 = Beg ) (1 — Beg)
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Exclusion

- (.23 (stat+syst) |

| T T T T T ] T T
"D L=5.4f0"

f> 0.344
at 95% CL

i 68.0% C.L.
! 95.0%C.L. -
99.7% C.L. ]

0 1 l‘i | | 1 | | I

..1 O 2
. . % \
first exclusion of

hypothesis H=uncorrelated — 0.85 + 0.29(stat :
(f=0) with more than 30 Jmeas + 0.29(stat + syst)

——
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Single Top t-channel

- 2, 3,4 jets with 1, 2 b tags

- train multivariate analysis for t-channeks b

- double data set 2 200 (b)
S-

DO 5.4 fb™

AR

100
50

AN

78 0.85 0.9 0.95
DO 5.4 fb"" BNNComb discriminant

* Data

Bl t-channel
- s-channel
. me e o, =2.26 + 0.12 pb
"85, W Multijets NNNLO,_  .m _ = 172.5 GeV

‘o(t-channel)=2.90:0.59 pb ‘

% 02 04 06 08 1

BNNComb discriminant
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Single Top s- vs. t-channel

DO 5.4fb"

[168% C.L.
B 90% C.L.
9 95% C.L.

A

Measured Peak

sm!”

Four generation

Top-flavorm

FCNC™

fP=0.97"

| 1 lf;=o.44 ‘57

1 2 3 4 s
s-channel cross section [pb] ¢

[2]

| [1] PRD 74: 114012, 2006
| [2] EPJ C49: 791, 2007

| [3] PRD 63: 014018, 2001
| [4] PRL 99: 191802, 2007
[5] PRL 102: 092002, 2009

—
e}
o
Tl
c
o
=
o
@
7]
"
7]
o
E o
o
©
c
c
-

(4> EHOXXHO

good agreement with Standard Model

—
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Z7— 0 0 ¢ ¢ Production
eeee, eepy, HHHUY

D@, 6.4f6"  +paa

[ ]Signal

I Background
x2/ndf = 0.15

—t
N

—h
o

|

Entries/10 GeV

©

Z/Y*

important background
to H—ZZ searches

Ah_ T

= — 1
100 150 200
Dilepton invariant mass (GeV)

2
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Z7— 0 0 ¢ ¢ Production
eeee, eepy, HHHUY

D@, 6.4 fb’ + Data

[ ]Signal
I Background
x?/ndf = 0.31

Events/25 GeV

Z/Y*

important background
to H—ZZ searches...

|

- data: 10 events L\_L

- signal: 8.73+0.45 - -

- background: 0.35+0.04 00~ 200 300 400 500
(jets faking electrons, Four-lepton invariant mass (GeV)
muons in jets, top pair
production)
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ZZ— 0 0 0 ¢ Production

£ waeny eeee, eepy, HUHUHM
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D@, 6.4 fB' + pata
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SM: 0(Z/Yy*Z/Y*) =1.4 = 0.1 pb T

ZIy iy p, (GeV)

o(pp—Z/Y*Z/Y*) =1.35f8_‘28 (stat) = 0.15 (syst) pb

- smallest cross section measured at hadron collider
- most precise measurement
- examine kinematic distributions
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Inclusive Jet Cross Section

D@, 0.70 fb" ly|<0.4 (x32)
0.4<|y|<0.8 (x16)

0.8<|y|<1.2 (x8)
1.2<|y|<1.6 (x4)
1.6<|y|<2.0 (x2)
2.0<ly|<2.4

—_ -
o O O O
= [ o)) ~

d’o/dp_dy (pb/GeV)

—_ -
o O
nNn W

P
e 5 = 1.96 TeV

f(x2) 2E R, =07
— NLO pQCD

+non-perturbative corrections

CTEQ6.5M pg =u-=p;

- 1 1 1 1 1 I 1 1 1 1
50 60 100 200 300 400 600
P, (GeV)

Pa

e constrain pdfs (here: CTEQ6.5M)

F D@, 0.70fb" Rene=0.7 ¥ NLOpQCD Hg=He=p; } @ Daia

o - +non-perturbative corrections Systematic uncertainty i

e excellent agreement with
: : i QCD prediction over
.--f\.\\.\. SN \I\\\\l\\}\\l\l\_:' SN . g 9 Ol‘derS Of magnitUde

=
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* no excess at high Er:

— no hint for quark
substructure

Data / Theory (CTEQ6.5M)
o
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F 12<y|<1.6 I16<|y<20
O.OL}\I\}\I\II\\\\\\I\\\I\\\I L 1 "_ 1 111 1 1 1
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Mulitvariate Analyses

Boosted Decision Boosted Neuroevolution of
Trees Neural Networks || Augmenting Topologies

L’l oN o0

background signal
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